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CATALYSIS OF CIS-TRANS ISOHERIZATION 

BY PAPAMAGNETIC SUBSTANCES 

Harden JlcConnell* 
Department of  Physics 

The University of Chicago 
Chicago 37,   Illinois 

O CO 
:a        ^^^C*rftrans  isomcri2ations  about carbon-carbon doublo bonds 

aro  froqucntly catalyzed by paranagnotio molcoulos or atone  such aa 

®2' 1I0»  N02*  lf  *r* Na* K>  Rt*  Cs*      Magco,  Shand,  and Eyring2 sug- 

gested that tho low frequency factors     (A ~ 10s or loss)  end low acti- 

vation cnorgics  (E «* 10 - SO kool/molo)  found for sono non-catalyzed 

isoncrizationa   (e*£«, maleio  ester -V fumario  ester)   indicate  that such 

iaomorio molooulos pass  through a triplet state whon twisting from tho 

ola  to tho  trans form*    This  idoa is illustratod in Fig.  1-a, which 

glvos  a sohomatio  representation of tho potontial energy curves   (V{&)) 

for tho lowest energy singlet (S)  and triplot  (T)  oleotronio states of 

an ethylane-type isomer    as a function of tho anglo  (6)  of rotation 

about a oarbon-carbon doublo bond*4    Isomcrizationji via T and S eleo- 

tronio states are indioatcd by horizontal arrows  (1)  and (2)  in Fig* 

1-a,  respaotivoly. 

The frequenoy factor for isomorization via path (1)  can bo 

rolatod to tho enorgy gap  (£   in Fig* 1-a)    which rosults from a mixing 
2 of tho S and T states by spin-orbit interaction*      For small c's tho 

o  g 
frequonoy factor is approximatoly proportional to C *      For hydrocar- 

bons,2'7 € »   0#3 - lOom*1. 

Eyring and Harman    suggested that paramagnotio substances 

oatalyzo isomorization through path (1)  by providing na non-homogono- 

ous magnctio fiold whioh will aot differently on tho two magnotio 

dipoies  arising from tho spin of tho two  oleotrons  in tho double bond*" 



*• 2 »* 

Slnoe magnetic spin-spin and "spin of one oloctron-orbit of anothor" 

Interaotions  aro weaker than  tho hero  alroady small spin of ono  elcc- 

•fcron-orbit of the same eloctron interactions,  it is  doubtful  that mag- 

nctio  interactions aro rosponsiblo for  tho  oatalysis of isomorization, 

Tho following is  a qualitative oxplanation for the oatalytio activity 

of paramagnotio substances. 

If,  for example,  a doublot  elootronio state of a catalyst 

atom interacts with the S and T states   of tho  isomor,   two doublet 

statos  are formed  (0 and D*  in Fig* 1-b)   togcthor with a quartet stato. 

Tho minimum separation of thoso doublot states, £ »  in Fig* 1-b, will 

mixi general be dotorrainod by tho  strength of  the  chomical binding bo- 

tvreon oatalyst and isomor*    Sinoo  ** nood only bo of tho ordor of kT 
4 7 tc make lsomcrization by path (1*)   about 10    - 10'  times moro probable 

g 
tlian path  (1),     it appears  that ovon weak oatalyst-isomor interactions 

can aooount for tho catalytic effcot of paramagnetic molooulos* Analo- 

gous considerations apply to catalysts in triplot states* Ho corres- 

ponding mechanism exists for catalysis of lsomcrization by substances 

in singlet states* Theso conclusions may represent an improvement 

•svor tho woll-known chomical argumonts that some atoms (£•£•, iodine) 

oatalyzo isomerization by binding to an olofinio molocule and "brook- 

ing"   the  carbon -carbon doublo bond. 

* National Research Council Postdoctoral Follow,  1950-52. 

* For koy roferoncos  sco  P, W,   Selwood,  Chem* Rov*,  58,   41  (1946);  B. 

Tamamushi,  Bull, Chom,  3oo*   Japan,  19,  148  (1944);     R*  0.  Dickinson, 

R. F*  Wallis and R*  E. Wood,   J, Am. Chom*  Soc,,  71,  1238   (1949). 
p 
£    J. L* Magee, W* Shand, and H* Eyring, J. Am* Chom, Soc., 63, 677 

(1941). 

^ Spcoifio isomorization rato (soc ) = A oxp.(-E/RT), 
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Connor© Y(d)  for ethyleno givon by R. S.  Mulliken and C,  C,  J, 

Roothaan,  Chem, Rev.,  41,  219  (1947). 

Tho onergios  * and  *»  aro  oxaggoratod in Fig* 1 for olarity. 

S, Glaaatono, K.  J« Laidlor, and H, Eyring, .Tho Thoory of Rate Pro- 

09330a,  MoGraw-Hill Book Company, Now Yorkt  1941, pp« 148-150, 

323-328. 

D. S« MoCluro, J, Chonu Phya«, 17, 905 (1949). 

R. A# Horman and H. Eyring, J, Chen. Phys., 10, 557 (1942). 
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MOIECULAR COMPOUNDS AND THEIR SPECTRA.  III. 

THE INTERACTION OP EIECTRON DONORS AND ACCEPTORS 

| Robert S. Mulliken 
* Depart-isnt  of Phyiics 

The Univei'blty of Chioago 
Chicago 37, Illinois 

SOME ERRATA 

Page 4, line 4. Substitute; "Lapworth" 

Page 5, last line. Add; ", or radicals." 

Page 6, line 2. Should read: "between 0 andco," 

Page 6, line 8. Should not read "of.", but:  "of" 

PPage 10, line 19.  Should read: "self-explanatory" 

Page 18, Remark B4. Shovld read;  "all neutral bases D" 

Page 25, Section 9. HgO + C02 should be listed under n + kn. 

Page 27, line 7 in Section 14. Should read;  "b_jr,hcr and b_n,k/r" ______-—_. i . j 

Page 34, line 3 of footnote u. Should read: "Section IV" 

Page 34, last line of footnote v.  Should read;  "Section IV" 

Page 36, lines 5-7. Should read everywhere"!?' Instead of "B" 

Page 40, line 23, After "should be polarized", insert "with a large 

• component" 

Page 45, line 8. Should read; "u or c" 

Page 49, line 1. Should read.  "H 0+" 

Page 50, next to last line. ShovJd read;  "R+ + ^n+i"" 

Page 57, first line. Transpose "inner" and "outer" 

Page 59, line 11. Should read;  "Walker" 
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